An aerobic, Gram-stain-negative, rod-shaped and polar-flagellated bacterium, designated strain CC-MHH0089 T , was isolated from a soil sample taken on Matsu Island (Taiwan). Strain CC-MHH0089 T grew at 15-30 6C and pH 5.0-10.0 and tolerated ¡8 % (w/v) NaCl. 16S rRNA gene sequence analysis showed high pairwise sequence similarity to Pseudomonas azotifigens 6H33b T (97.3 %) and Pseudomonas balearica SP1402 T (96.7 %) and lower sequence similarity to other strains (,96.0 %). In DNA-DNA reassociation experiments, the relatedness of strain CC-MHH0089 T to P. azotifigens JCM 12708 T was 38.3 % (reciprocal value 19.5 %). Evolutionary trees reconstructed on the basis of 16S rRNA, gyrB and rpoB gene sequences revealed a varying phylogenetic neighbourhood of strain CC-MHH0089 T with regard to the most closely related type strains. The predominant quinone system was ubiquinone 9 (Q-9) and the DNA G+C content was 63.6 mol%. The major fatty acids were C 12 : 0 , C 16 : 0 , C 17 : 0 , C 19 : 0 cyclo v8c and summed features 2 (C 14 : 0 3-OH/iso-C 16 : 1 I), 3 (C 16 : 1 v7c/C 16 : 1 v6c) and 8 (C 18 : 1 v7c/C 18 : 1 v6c). The major polar lipids were phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine and diphosphatidylglycerol. According to its distinct phylogenetic, phenotypic and chemotaxonomic features, strain CC-MHH0089 T is proposed to represent a novel species within the genus Pseudomonas, for which the name Pseudomonas matsuisoli sp. nov. is proposed. The type strain is CC-MHH0089 T (5BCRC 80771 T 5JCM 30078 T ).
The genus Pseudomonas was described by Migula (1894) . Its members are widespread in natural habitats such as soil, plants, animals and water (Palleroni, 1984) . The nutritional studies of Stanier et al. (1966) showed that the ability of strains of the genus Pseudomonas to utilize different compounds as sole sources of carbon and energy provided essential phenotypic characterization. Groups of species differed considerably in their nutritional versatility. They have a variety of functions related to the decomposition of organic matter and the promotion of plant growth and can also act as pathogens (Palleroni, 1994; Peix et al., 2009) . The genus Pseudomonas served as a repository for straight, strictly respiratory, cream-coloured, Gram-negative rods that were motile by one or several polar flagella, and the genus has undergone multiple reassessments on the basis of physiological, molecular and phenotypic features (Sneath et al., 1981) , DNA-DNA hybridization (Palleroni, 1984) , 16S rRNA gene sequence similarity (Anzai et al., 2000) and chemotaxonomic data (Oyaizu & Komagata, 1983; Vancanneyt et al., 1996) .
According to the List of Prokaryotic names with Standing in Nomenclature (LPSN; http://www.bacterio.net/index.html), there are more than 200 species within the genus Pseudomonas. Here, we investigate the taxonomic status of a novel bacterium, designated strain CC-MHH0089 T , isolated from a soil sample taken on Matsu Island, using a polyphasic approach. While investigating bacterial diversity, soil samples were collected near the giant statue of Mazu (one of the most popular goddesses in Taiwan) on Matsu Island (26.156729 u N 119.917372u E) . The collected soil sample (10 g) was added to sterile water and shaken at room temperature for 30 min. Each serially tenfold-diluted sample (100 ml) was spread on nutrient agar (NA; Hi-Media). A light-yellow colony (named strain CC-MHH0089 T ) that appeared was purified and preserved at 280 uC as a glycerol suspension for further characterization. For taxonomic purposes, Pseudomonas azotifigens JCM 12708 T (Hatayama et al., 2005) and Pseudomonas balearica BCRC 17184 T (Bennasar et al., 1996) were purchased from their respective biological resource centres as reference strains. For direct comparative analysis, all strains were grown on NA at 30 u C for 2 days, unless specified otherwise.
Colony morphology, the presence of flagella and the morphology of cells of strain CC-MHH0089 T were investigated using colonies and cells grown on NA. Gramstaining was performed as described by Murray et al. (1994) . Cell morphology was studied by transmission electron microscopy (JEOL JEM-1400) as well as by light microscopy (model A3000; Zeiss). Growth of strain CC-MHH0089 T was also tested on tryptic soy agar (TSA; Difco) and R2A agar (Oxoid). Growth was tested using nutrient broth (NB) at 10, 15, 20, 25, 30, 37, 42, 45 and 50 u C, pH 4.0-10.0 (1 pH unit increments) and 1.0-10.0 % (w/v) NaCl (1 % increments). Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) N,N,N9,N9,-tetramethyl 1,4-phenylenediamine (bioMérieux). Carbon source utilization patterns were determined by using the Biolog GN2 MicroPlate after incubation for 2 days. Nitrate reduction, indole production, activities of b-galactosidase and urease, hydrolysis of aesculin and gelatin and assimilation of 12 substrates were tested with API 20 NE strips (bioMérieux) at 30 u C for 2 days. The activities of various enzymes were determined by using the API ZYM system (bioMérieux) after incubation for 24 h. Antibiotic susceptibility was tested by using ATB PSE 5 strips (bioMérieux) by following the manufacturer's recommendations.
Bacterial genomic DNA was isolated by using UltraClean Microbial Genomic DNA isolation kits (MO BIO) by following the manufacturer's instructions. The extracted DNA was used as a template to amplify the 16S rRNA gene. The PCR was performed with bacterial universal primers 1F and 9R; primers 3F, 5F and 4R were used in the sequencing reaction (Edwards et al., 1989) . The gyrB gene was amplified by PCR using primers UP-1 and UP-2r as described by Yamamoto & Harayama (1995) . The rpoB gene is a highly conserved housekeeping gene that encodes the RNA polymerase beta subunit, which has been used as a signature for bacterial identification as well as a locus for phylogenetic analysis. Primers LAPS and LAPS27 were used to amplify a fragment of about 1.2 kb (Ait Tayeb et al., 2005) . Gene cycle sequencing was performed by using the Big Dye terminator kit (Heiner et al., 1998) and an ABI 3730 Genetic Analyzer (Applied Biosystems).
DNA fragments (1506 bp) encoding the 16S rRNA were assembled by using the Vector NTI 9.0 software (IBI) and uploaded to the EzBioCloud server (EzTaxon-e database; Kim et al., 2012) and NCBI for identification. Other amplified gene fragments were identified using NCBI and deposited under GenBank using SEQUIN. Closely related 16S rRNA gene sequences were retrieved from EzTaxon-e, the Ribosomal Database Project (Wang et al., 2007) or GenBank and aligned by using the CLUSTAL_X program version 1.83 (Thompson et al., 1997) . For further determination of the phylogenetic structure of the genus Pseudomonas, partial gyrB and rpoB gene sequences (900-1200 bp) were analysed following in silico transcription of nucleotides to amino acids. Phylogenetic analysis was performed with MEGA6 software (Tamura et al., 2013) and the topology of the resultant neighbour-joining, maximum-likelihood and maximum-parsimony trees was evaluated by bootstrap analyses (Felsenstein, 1985) after 1000 replications. Comparative 16S rRNA, gyrB and rpoB gene sequence analyses positioned the novel strain in the genus Pseudomonas as an independent lineage.
During 16S rRNA gene sequence analysis, pairwise comparison indicated that strain CC-MHH0089 T shared high sequence similarity with P. azotifigens 6H33b T (97.3 %), P. balearica SP1402 T (96.7 %), P. segetis FR1439 T (96.0 %) and Azomonas agilis NCIB 11693 T (96.0 %) and lower sequence similarity with other strains. Anzai et al. (2000) reported a close relationship between the genera Pseudomonas, Azotobacter and Azomonas. Azotobacter and Azomonas are specifically circumscribed as genera containing species capable of fixing nitrogen under aerobic conditions . The description of Azomonas is of ellipsoidal to rod-shaped cells that are more than 2 mm in diameter, usually 2.5-3.5 mm long, motile by peritrichous flagella and capable of fixing nitrogen under aerobic conditions. These distinguishable features were not observed in strain CC-MHH0089 T . Although the 16S rRNA gene sequence of strain CC-MHH0089 T is closely related to that of Azomonas agilis NCIB 11693 T (96.0 % similarity), major differences were indicated from the literature.
Supporting evidence for the classification of strain CC-MHH0089 T within a novel species was provided by rpoB and gyrB gene sequence analyses. The pairwise sequence similarities of each dataset were calculated using CLUSTAL_X. The similarity of the rpoB gene sequence of strain CC-MHH0089 T to those of P. azotifigens JCM 12708 T and P. balearica BCRC 17184 T was 87 and 86 %, respectively, whereas the similarity of the gyrB gene sequence of strain CC-MHH0089 T to those of P. azotifigens JCM 12708 T and P. balearica BCRC 17184 T was 82 and 79 %, respectively. The highest pairwise rpoB gene sequence similarity of strain CC-MHH0089 T was 89 % to Pseudomonas stutzeri CIP 11199 T , P. alcaliphila DSM 17744 T , P. toyotomiensis JCM 15604 T and P. guguanensis CC-G9A T ; the highest gyrB gene sequence similarity was 83 %, to P. guguanensis CC-G9A T . Corresponding values at the interspecies level within the genus Pseudomonas are reported to be 78-98 % for the rpoB gene and 77-99 % for the gyrB gene. The similarity values obtained for CC-MHH0089 T with regard to the reference strains analysed were well within the reported thresholds. On the other hand, the pairwise rpoB gene sequence similarity of strain CC-MHH0089 T of 74 % to Azomonas agilis NCIB 11693 T was lower than that seen between species of Pseudomonas (77-99 %). Therefore, Azomonas agilis NCIB 11693 T was not considered in the phylogenetic analyses.
Phylogenetic trees were reconstructed by using 16S rRNA gene sequences with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) methods; only the neighbour-joining tree is shown, with confirmed branching points indicated in Fig. 1 . Evolutionary trees reconstructed from deduced amino acid sequences (rpoB and gyrB genes) are presented in Figs S1-S4 (available in the online Supplementary Material). Phylogenetic trees reconstructed from 16S rRNA, rpoB and gyrB gene sequences indicated that strain CC-MHH0089 T was separated by a clear branching from P. azotifigens 6H33b T and P. balearica SP1402 T .
Currently, it is recommended that DNA-DNA hybridization is required when 16S rRNA gene sequence similarities are higher than 98.2-99.0 % (Meier-Kolthoff et al., 2013). DNA-DNA reassociation was conducted between strain CC-MHH0089 T and P. azotifigens JCM 12708 T . Bacterial genomic DNA was isolated by using UltraClean Microbial Genomic DNA Isolation kits (MO BIO) according to the manufacturer's instructions. DNA samples from strain CC-MHH0089 T and P. azotifigens JCM 12708 T were loaded onto positively charged membranes as described by Seldin & Dubnau (1985) . Chromosomal DNA of strain CC-MHH0089 T and P. azotifigens JCM 12708 T was used to construct hybridization probes by labelling with digoxigenin-11-dUTP. The experiment was carried out in triplicate for each sample. DNA-DNA relatedness of strain CC-MHH0089 T with P. azotifigens JCM 12708 T was 38.3±3.5 % (the reciprocal value was 19.5±1.3 %). Using the established molecular criteria for species-level relatedness (Wayne et al., 1987) , strain CC-MHH0089 T shows DNA-DNA relatedness to the type strain of the closest related species that is below the recommended threshold, supporting its genomic distinction within a separate species of the genus Pseudomonas.
Polar lipids were extracted and analysed by two-dimensional TLC (Minnikin et al., 1984) , and isoprenoid quinones were purified by the methods of Minnikin et al. (1984) and analysed by HPLC as described by Collins (1985) . For analysis of DNA G+C content, a DNA sample was prepared and degraded enzymically into nucleosides as described by Mesbah et al. (1989) . The nucleoside mixture obtained was then separated via HPLC. Fatty acid methyl esters were prepared, separated and identified according to the standard protocol (Paisley, 1996) of the Microbial Identification System (MIDI) (Sasser, 1990) by gas chromatography on an Agilent 7890A instrument fitted with a flame-ionization detector. The cultures and type strains compared together were grown on NA for 48 h at 30 u C. The grown culture was harvested from the plate and subjected to saponification, methylation and extraction (Miller, 1982) . Identification and comparison were made by using the Aerobe (RTSBA6) database of the MIDI System (Sherlock version 6.0).
Colonies of strain CC-MHH0089 T were 3-5 mm in diameter after 2 days of incubation on NA; they appeared fresh yellow in colour, their elevation was raised, their shape was irregular and their edges were undulate. Cell morphology was observed by transmission electron microscopy (Fig. S5) . Strain CC-MHH0089 T grew at 15-30 u C and pH 5.0-10.0 and was able to tolerate up to 8 % (w/v) NaCl in NB. Strain CC-MHH0089 T , P. azotifigens JCM 12708 T and P. balearica BCRC 17184 T were positive for utilization of a-D-glucose, pyruvic acid methyl ester, succinic acid monomethyl ester, cis-aconitic acid, citric acid, b-hydroxybutyric acid, itaconic acid, a-ketoglutaric acid, DL-lactic acid, propionic acid, succinic acid, bromosuccinic acid, D-and L-alanine, L-asparagine, L-glutamic acid and L-proline as carbon sources in the Biolog GN2 system and positive for activities of alkaline and acid phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase and naphthol-AS-BI-phosphohydrolase in API ZYM. Differential characteristics of strain CC-MHH0089 T , P. azotifigens JCM 12708 T and P. balearica BCRC 17184 T are given in Table 1 . The detailed phenotypic characteristics of strain CC-MHH0089 T are given in the species description.
The DNA G+C content of strain CC-MHH0089 T was 63.6±0.5 mol%, which is within the range (55.3-67.9 mol%) reported from some species of the genus Pseudomonas (Liu et al., 2013; Lin et al., 2013a, b; Clark et al., 2006; Feng et al., 2012; Hameed et al., 2014) . The polar lipid profile of strain CC-MHH0089 T was similar to those of P. azotifigens JCM 12708 T and P. balearica BCRC 17184 T with respect to the presence of diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol, which is in agreement with data published previously for species of the genus Pseudomonas (Pascual et al., 2012; Lin et al., 2013a, b; Liu et al., 2013; Hameed et al., 2014) . In addition, moderate amounts of phosphatidylcholine and an unidentified phospholipid were also detected, though there were some quantitative differences (Fig. 2) . The Fig. 1 . Phylogenetic analysis of members of the genus Pseudomonas based on 16S rRNA gene sequences. Distances and clustering were performed by using the neighbour-joining method with the software package MEGA6. Filled circles indicate that the corresponding nodes were also recovered in the tree reconstructed based on the maximum-likelihood algorithm. Bootstrap values (.50 %) based on 1000 replications are listed as percentages at branching points. Bar, 0.01 substitutions per nucleotide position.
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On: Sat, 13 Apr 2019 20:07:16 Table 1 . Characteristics that differentiate strain CC-MHH0089 T from type strains of closely related species Strains: 1, CC-MHH0089 T ; 2, P. azotifigens JCM 12708 T ; 3, P. balearica BCRC 17184 T ; 4, P. hussainii BCRC 80696 T (data from Hameed et al., 2014) ; 5, P. pohangensis DSM 17875 T . Data were obtained in this study unless indicated. +, Positive; 2, negative; W, weak reaction. Bennasar et al. (1996) ; c, Weon et al. (2006) . predominant quinone system was ubiquinone 9 (Q-9), which is compatible with other species of the genus Pseudomonas. The major fatty acids in strain CC-MHH0089 T were C 12 : 0 (6.7 %), C 16 : 0 (21.3 %), C 17 : 0 (4.2 %), C 19 : 0 cyclo v8c (4.3 %), summed feature 2 (C 14 : 0 3-OH/iso-C 16 : 1 I; 5.5 %), summed feature 3 (C 16 : 1 v7c/ C 16 : 1 v6c; 10.9 %) and summed feature 8 (C 18 : 1 v7c/ C 18 : 1 v6c; 30.3 %), which are generally present in members of the genus Pseudomonas. The detailed fatty acid profiles of strain CC-MHH0089 T and the type strains of closely related species are given in Table 2 .
Based on its distinct phylogenetic, phenotypic, biochemical and chemotaxonomic properties, the novel strain CC-MHH0089 T is proposed to represent a novel species within the genus Pseudomonas, for which the name Pseudomonas matsuisoli sp. nov. is proposed.
Description of Pseudomonas matsuisoli sp. nov.
Pseudomonas matsuisoli (mat.su.i.so9li. L. neut. n. solum soil; N.L. gen. n. matsuisoli of soil of Matsu Island, Taiwan, where the type strain was isolated).
Aerobic, Gram-stain-negative, rod-shaped bacterium with monopolar flagella. Able to be cultured on NA, TSA and R2A agar plates and forms fresh yellow-coloured colonies. The elevation (side view) of the colony is raised, the shape is irregular and the edge is undulate. Cells are 0.7-0.962.2-2.5 mm. Grows at 15-30 u C and pH 5.0-10.0 and tolerates up to 8 % (w/v) NaCl. Utilizes L-arabinose, Darabitol, D-galactose, a-D-glucose, D-mannitol, pyruvic acid methyl ester, succinic acid monomethyl ester, cis-aconitic acid, citric acid, formic acid, D-galactonic acid lactone, Dgalacturonic acid, D-glucuronic acid, b-hydroxybutyric acid, itaconic acid, a-ketoglutaric acid, DL-lactic acid, malonic acid, propionic acid, D-saccharic acid, succinic acid, bromosuccinic acid, glucuronamide, D-and L-alanine, L-asparagine, L-aspartic acid, L-glutamic acid, L-proline, Lpyroglutamic acid, L-serine, DL-carnitine and glycerol as sole carbon sources in the Biolog GN2 system. Nitrate and nitrite are not reduced. D-Glucose (weakly), L-arabinose, Dmannitol, malic acid and trisodium citrate are assimilated. Positive reactions for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase, but negative for lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase. The predominant quinone system is Q-9. Polar lipids are diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol and three unidentified phospholipids. The major fatty acids are C 12 : 0 , C 16 : 0 , C 17 : 0 , C 19 : 0 cyclo v8c, summed feature 3 (C 16 : 1 v7c/ C 16 : 1 v6c) and summed feature 8 (C 18 : 1 v7c/C 18 : 1 v6c).
The type strain is CC-MHH0089 T (5BCRC 80771 T 5JCM 30078 T ). The DNA G+C content of the type strain is 63.6±0.5 mol%. *Summed features represent groups of two or three fatty acids that cannot be separated by GC with the MIDI system. Summed feature 2 consists of C 14 : 0 3-OH and/or iso-C 16 : 1 I; summed feature 3 consists of C 16 : 1 v7c and/or C 16 : 1 v6c; summed feature 8 consists of C 18 : 1 v7c and/or C 18 : 1 v6c.
